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(54) Head suspension assembly of disk drive 

(57) A head suspension assembly of a hard disk 
drive includes a rod beam (41 ) coupled to an end portion 
of an actuator arm (40) capable of pivoting in a direction 
following tracks of a disk, a slider (43) supported at an 
end portion of the rod beam (41) for reading and writing 
data from and on the disk (D), a micro actuator including 
first and second magnetic members (60; 70) installed at 



the rod beam (41 ) and the slider (43), respectively, and 
being moved by an electromagnetic force between the 
magnetic members (60; 70) to allow the slider (43) to 
minutely move with respect to the rod beam (41 ), and a 
connection device for elasticalfy connecting the first 
magnetic member (60) and the second magnetic mem- 
ber (70). 
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Description 

[0001 J The present invention relates to a head sus- 
pension assembly of a disk drive for supporting and 
moving a head for writing and reading information on 
and from a recording medium. 
[0002] In general, a disk drive such as a hard disk 
drive (HDD) includes a head suspension assembly for 
supporting a head which writes or reads information on 
and from a track of a disk rotatably installed in a housing. 
[0003] The head suspension assembly includes a 
suspension, that is, a rod beam, supported at an end 
portion of an actuator arm rotated by a voice coil motor 
(VCM), a Gimbal connected to an end portion of the sus- 
pension, and a slider supported at the Gimbal and hav- 
ing the head. The suspension rotated with the actuator 
arm moves the slider to a desired position across the 
disk. The head moved while being supported at the slid- 
er must be positioned to correspond to a predetermined 
track of a plurality of tracks provided at the disk where 
information is to be written or read. The accuracy of the 
head's tracking is important for the integrity of informa- 
tion being written and read. 

[0004] It is a recent trend for the size of a disk drive 
itself to be small while the storage capacity thereof is 
large. Accordingly, the tracks per inch (TPI) of a disk in- 
creases. As the TPI and the rate of rotation of a disk 
increase, accurate control of the position of the head 
becomes difficult. 

[0005] To solve the above problem, a head suspen- 
sion assembly having an additional accurate tracking 
motor or micro actuator is suggested and an example 
thereof is shown in FIG. 1. 

[0006] FIG. 1 shows a head suspension assembly 
disclosed in U.S. Patent No. 5,857,347. The head sus- 
pension assembly includes a rod beam 1 0 having a hor- 
izontal portion 15 formed across an end portion 11 and 
a middle end portion 1 3 thereof and supported at an end 
portion of an actuator arm (not shown). A Gimbal 17 is 
provided at the end portion 11 of the rod beam 10. A 
slider (not shown) having a head for reading/writing (not 
shown) is supported at the Gimbal 1 7. Also, the end por- 
tion 11 and the middle end portion 13 of the rod beam 
10 are elastically connected by a connection portion 30. 
A micro actuator 20 having a first coil unit 21 and a sec- 
ond coil unit 23 is installed around the connection por- 
tion 30. 

[0007] When current is applied to coils 22 and 24 of 
the first and second coii units 21 and 23, a vertical re- 
pulsive force is generated due to an electromagnetic 
force between the coii units 21 and 23. Then, each of 
the coil units 21 and 23 is moved up and down by the 
vertical repulsive force and vertical rail portions 31 and 
33 of the connection portion 30 is bent in a horizontal 
direction. Thus, the end portion 11 pivots in a horizontal 
direction, that is, in a track direction, with respect to the 
middle end portion 13 so that the slider is minutely ad- 
justed. 



[0008] However, such a conventional head suspen- 
sion assembly requires a large number of parts and the 
structure of the rod beam is complicated so that a prac- 
tical application is difficult and production cost is high. 
5 Also, a large driving force is needed to drive the rod 
beam including the slider. However, much power is lost 
in the process of converting the vertical repulsive force 
generated between the coil un its to a horizontal direction 
through the connection portion. 
w [0009] With a view to solve or reduce the above prob- 
lems, it is an aim of embodiments of the present inven- 
tion to provide a head suspension assembly of a disk 
drive having an improved structure in which the slider 
can pivot with respect to the rod beam. 

« [0010] According to a first aspect of the invention, 
there is provided a head suspension assembly of a hard 
disk drive comprising a rod beam coupled to an end por- 
tion of an actuator arm capable of pivoting in a direction 
following tracks of a disk, a slider supported at an end 

20 portion of the rod beam for reading and writing data from 
and on the disk, a micro actuator including first and sec- 
ond magnetic members installed at the rod beam and 
the slider, respectively, and being moved by an electro- 
magnetic force between the magnetic members to allow 

25 the slider to minutely move with respect to the rod beam, 
and a connection device for elastically connecting the 
first magnetic member and the second magnetic mem- 
ber 

[0011] It is preferred in the present invention that the 
30 first magnetic member comprises a first coil base sup- 
ported at the end portion of the rod beam and a pair of 
first coils installed at a bottom surface of the first coil 
base and forming a magnetic field during driving, and 
the second magnetic member comprises a second coil 
35 base installed on an upper surface of the slider to cor- 
respond to the first coil base and a second coil installed 
on an upper surface of the second coil base to corre- 
spond to the first coil. 

[0012] Also, it is preferred in the present invention that 

40 the first coils are installed in a circular shape at the left 
and right sides with respect to a predetermined center 
line on the slider crossing the track direction and, when 
current is applied, an induced magnetic field is formed 
in a vertical direction at a surface of the slider. 

45 [001 3] Also, it is preferred in the present invention that 
the second coil is wound in a rectangular shape at an 
upper surface of the second coil base to generate an 
electromagnetic force at left and right effective coil por- 
tions with respect to a predetermined center line on the 

50 slider crossing the track direction. 

[001 4] Also, it is preferred in the present invention that 
a recessed portion for accommodating the first coil to 
be separated a predetermined distance from the second 
coil is formed at the lower surface of the first coil base. 

5S [001 5] Also, it is preferred in the present invention that 
the connection device comprises a connection plate 
having an aperture formed at a bottom surface of the 
first magnetic member for accommodating the second 
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magnetic member to move therein and an elastic mem- 
ber for elastically connecting an inner surface of the ap- 
erture and an outer surface of the second magnetic 
member. 

[0016] Also, it is preferred in the present invention that 
the elastic member comprises hairpin springs symmet- 
rically provided with respect to a predetermined center 
line on the slider crossing the track direction. 
[001 7] Also, it is preferred in the present invention that 
the elastic member comprises a torsion bar connected 
between the inner surface of the aperture and either a 
front end portion or a rear end portion of the second 
magnetic member to allow the second magnetic mem- 
ber to pivot with respect to the first magnetic member 
while being bent by an electromagnetic force between 
the magnetic members. 

[001 8] Also, it is preferred in the present invention that 
the connection plate and the elastic member are inte- 
grally formed with the second magnetic member 
[0019] Also, it is preferred in the present invention that 
the first magnetic member comprises a magnet base 
supported at the end portion of the rod beam and having 
a recessed portion formed at a bottom surface thereof 
and a pair of magnets installed at the recessed portion 
of the magnet base such that directions of magnetiza- 
tion are opposite to each other. 
[0020] For a better understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of 
example, to the accompanying diagrammatic drawings 
in which: 

FIG. 1 is a perspective view showing a conventional 
head suspension assembly of a disk drive; 

FIG. 2 is an exploded perspective view showing a 
head suspension assembly of a disk drive accord- 
ing to a preferred embodiment of the present inven- 
tion; 

FIG. 3 is a side view of the head suspension assem- 
bly shown in FIG. 2; 

FIG. 4 is a front view of the head suspension as- 
sembly shown in FIG. 2; 

FIGS. 5 and 6 are plan views for explaining the op- 
eration of the head suspension assembly of a disk 
drive according to the preferred embodiment of the 
present invention; 

FIG. 7 is a perspective view showing major portions 
of a head suspension assembly of a disk drive ac- 
cording to another preferred embodiment of the 
present invention; 

FIG. 8 is a perspective view showing major portions 
of a head suspension assembly of a disk drive ac- 



cording to yet another preferred embodiment of the 
present invention; and 

FIG. 9 is a plan view for explaining the operation of 
5 the head suspension assembly shown in FIG. 8. 

[0021] Referring to FIGS. 2 through 4, a head suspen- 
sion assembly is provided for minutely moving a head 
(not shown) supported thereon for writing/reading infor- 

io mation on and from a track of a disk Din a track direction 
indicated by an arrow A crossing the disk D. The head 
suspension assembly includes a rod beam 41 coupled 
to an end portion of an actuator 40, a slider 43 supported 
at an end portion of the rod beam 41 to move over the 

'5 disk D while supporting the head, a micro actuator 50 
installed between the slider 43 and the rod beam 41, 
and a connection device. 

[0022] The micro actuator 50 includes a first magnetic 
member 60 installed at the end portion of the rod beam 

20 41 and a second magnetic member 70 installed at the 
slider 43 maintaining a predetermined distance with the 
first magnetic member 60. The magnetic members 60 
and 70 change their postures by an electromagnetic 
force acting between them when current is applied 

25 thereto so that the slider 43 minutely pivots with respect 
to the rod beam 41 . 

[0023] The first magnetic member 60 includes a first 
coil base 61 supported at the end portion of the rod 
beam 41 and a pair of first coils 63 installed on the bot- 

30 torn surface of the first coil base 61 . The first coil base 
61 has a recessed portion 61a formed at the lower sur- 
face thereof with a predetermined depth to receive and 
support the first coil 63. The first coils 63 each having a 
circular shape are installed symmetrically to the left and 

35 right with respect to a predetermined center line C cross- 
ing the slider 53 to the track direction A. When current 
is applied to the first coils 63, an induced magnetic field 
is formed in a vertical direction on the surface of the slid- 
er 43. The first coil 63 can be installed inside the re- 

40 cessed portion 61 a by being coated, plated or wound. 
[0024] The second magnetic member 70 includes a 
second coil base 71 installed on the upper surface of 
the slider 43 to correspond to the first coil base 61 , and 
a second coil 73 installed on the second coil base 71. 

45 The second coil 73 is installed in a rectangular shape 
so that a magnetic force is generated to effective coil 
portions at both sides with respect to the center line C. 
The second coil 73 can be installed on the upper surface 
of the second coil base 71 by being coated, plated or 

50 wound. 

[0025] The connection device includes a connection 
plate 81 fixed to the bottom surface of the first coil base 
61 and an elastic member 83 elastically connecting the 
connection plate 81 and the second coil base 71. An 
55 aperture 81a for accommodating the second coil base 
71 to be capable of moving is formed at the connection 
plate 81. The elastic member 83 connects (the inner sur- 
face of) the aperture 81a and (the outer surface of) the 
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second coil base 71. In the present embodiment, the 
elastic member 83 is preferably a torsion bar elastically 
connecting (the front end portion of) the second coil 
base 71 and (the inner surface of) the aperture 81a. Al- 
so, the elastic member 83 is formed integrally with the s 
second coil base 71. The elastic member 83 is elasti- 
cally deformed by an external force so that the second 
coil base 71 minutely pivots with respect to the first coil 
base 61 with respect to the center line C. 
[0026] The operation of the head suspension assem- u 
bly of a disk drive according to a preferred embodiment 
of the present invention is described with reference to 
FIGS. 2, 5 and 6. 

[0027] When current is applied in different directions 
to each of the first coils 63, an induced magnetic field is is 
formed in a vertical direction on the surface of the slider 
43. When current is applied to the second coil 73 in a 
state in which the induced magnetic field is formed by 
the first coil 63, a magnetic force according to Fleming's 
left hand rule is generated at effective coil portions at 20 
both sides of the second coil 73 with respect to the cent- 
er line C. By the generated magnetic force, the second 
coil base 71 is minutely moved in any one direction with 
respect to the center line C while elastically deforming 
the elastic member 83. Thus, the slider 43 connected to 2s 
the second coil base 71 can minutely pivot in the track 
direction A of the disk D. That is, while the first coil base 
61 is fixed to the rod beam 41 and the connection plate 
81 isattachedtothefirst coil base 61 , the slider 43pivots 
with the first coil base 71 by the magnetic force. 30 
[0028] As described above, as the slider 43 pivots us- 
ing the magnetic force according to Fleming's left hand 
rule, the direction of the force need not be changed. 
Therefore, much power can be generated compared to 
the conventional technology. Also, as the structure of 55 
the assembly is simple, actual manufacture and embod- 
iment thereof by a micro-electromechanical system 
(MEMS) manufacturing technology is made easy. 
[0029] As shown in FIG. 7, as an alternative to the first 
magnetic member 60, a first magnetic member 160 is 40 
provided which includes a magnet base 1 61 installed at 
the end portion of the rod beam 41 and a pair of magnets 
163. At the lower surface of the magnet base 161, a re- 
cessed portion 162 for accommodating the magnets 
163 is formed. The magnets 163 each have S and N 45 
poles at the upper and lower sides thereof, respectively, 
and are installed such that directions of magnetization 
are opposite to each other. The first magnetic member 
160 having the above structure constitutes a micro ac- 
tuator which can make the slider 43 pivot minutely, to- so 
gether with the second magnetic member 70 of FIG. 2. 
[0030] Also, as another example of the connection de- 
vice, as shown in FIG. 8, a pair of elastic members 84 
elastically connecting (the inner surface of) the aperture 
81a of the connection plate 81 and (the outer surface ss 
of) the second coil base 71 are provided. The elastic 
members 84 connect the left and right surfaces of the 
second coil base 71 symmetrically with respect to the 



center line C. Also, the elastic members 84 are prefer- 
ably hairpin springs bent several times into a predeter- 
mined shape. Thus, as shown by an imaginary line in 
FIG. 9, when the second coil base 71 is moved by a 
magnetic force, one of the elastic members 84 is com- 
pressed while the other is extended, so that the slider 
43 is supported to be capable of moving minutely Also, 
although not shown, the elastic members 84 may be in- 
stalled on the center line C so that they can be extended 
simultaneously when the slider 43 is moved. That is, the 
elastic members 84 can be connected to the front and 
rear end portions of the second coil base 71 , respective- 
ly. 

[0031] As described above, the head suspension as- 
sembly of a disk drive according to the present invention 
has a simple structure, and thus, it can easily be man- 
ufactured to be small. Also, as more power can be ob- 
tained compared to the conventional technology, elec- 
tric power consumption is less and the slider can be con- 
trolled minutely. 

[0032] In the meantime, the head suspension assem- 
bly of a disk drive according to the present invention 
which can be accurately driven with a simple structure 
can be adopted to most existing hard disk drive (HDD) 
apparatuses and near field recording drives (NFRDs) 
currently and widely studied with combination of an op- 
tical technology such as an optical head. Thus, the 
present invention can be useful for accurate control of 
an optical head having a high surface density compared 
to conventional HDDs. Also, the present invention can 
be used for laser scanners or printers to minutely control 
driving mirrors which are optical devices. 
[0033] The reader's attention is directed to all papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 
[0034] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings), and/or ail of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0035] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 
[0036] The invention is not restricted to the details of 
the foregoing embodiment(s). The invention extend to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any meth- 
od or process so disclosed. 
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Claims 

1. A head suspension assembly of a hard disk drive 
including a rod beam (41 ) coupled to an end portion 

of an actuator arm (40) capable of pivoting in a di- s 
rection following tracks of a disk, and a slider (43) 
supported at an end portion of the rod beam (41) 
for reading and writing data from and on the disk, 
characterized in that the head suspension assem- 
bly comprises a micro actuator (50) including first io 
and second magnetic members (60; 70) installed at 
the rod beam (41) and the slider (43), respectively, 
and being moved by an electromagnetic force be- 
tween the magnetic members (60; 70) to allow the 
slider (43) to minutely move with respect to the rod « 
beam (41); and a connection device for elastically 
connecting the first magnetic member (60) and the 
second magnetic member (70). 

2. The head suspension assembly as claimed in claim 20 

1 , wherein the first magnetic member (60) compris- 
es a first coil base (61 ) supported at the end portion 
of the rod beam (41) and a pair of first coils (63) 
installed at a bottom surface of the first coil base 

(61 ) and forming a magnetic field during driving, and 25 
the second magnetic member (70) comprises a sec- 
ond coil base (71) installed on an upper surface of 
the slider (43) to correspond to the first coil base 
(61) and a second coil (73) installed on an upper 
surface of the second coil base (71 ) to correspond 30 
to the first coil (63). 

3. The head suspension assembly as claimed in claim 

2, wherein the first coils (63) are installed in a cir- 
cular shape at the left and right sides with respect 35 
to a predetermined center line on the slider (43) 
crossing the track direction and, when current is ap- 
plied, an induced magnetic field is formed in a ver- 
tical direction at a surface of the slider (43). 

40 

4. The head suspension assembly as claimed in claim 
2 or 3, wherein the second coil (73) is wound in a 
rectangular shape at an upper surface of the sec- 
ond coil base (71 ) to generate an electromagnetic 
force at left and right effective coil portions with re- 45 
spect to a predetermined center line (C) on the slid- 
er (43) crossing the track direction. 

5. The head suspension assembly as claimed in claim 

2, 3 or 4, wherein a recessed portion (61a) for ac- so 
commodating the first coil (63) to be separated a 
predetermined distance from the second coil (73) is 
formed at the lower surface of the first coil base (61 ). 

6. The head suspension assembly as claimed in any 55 
preceding claim, wherein the connection device 
comprises: 



a connection plate (81) having an aperture 
formed at a bottom surface of the first magnetic 
member (60) for accommodating the second 
magnetic member (70) to move therein; and 

an elastic member (83) for elastically connect- 
ing an inner surface of the aperture and an out- 
er surface of the second magnetic member 
(70). 

7. The head suspension assembly as claimed in claim 
6, wherein the elastic member (83) comprises hair- 
pin springs symmetrically provided with respect to 
a predetermined center line (C) on the slider (43) 
crossing the track direction. 

8. The head suspension assembly as claimed in claim 
6, wherein the elastic member (83) comprises a tor- 
sion bar connected between the inner surface of the 
aperture and either a front end portion or a rear end 
portion of the second magnetic member (70) to al- 
low the second magnetic member (70) to pivot with 
respect to the first magnetic member (60) while be- 
ing bent by an electromagnetic force between the 
magnetic members (60; 70). 

9. The head suspension assembly as claimed in claim 
6, wherein the connection plate (81 ) and the elastic 
member (83) are integrally formed with the second 
magnetic member (70). 

10. The head suspension assembly as claimed in claim 
1, wherein the first magnetic member (160) com- 
prises: 

a magnet base (1 61 ) supported at the end por- 
tion of the rod beam (41 ) and having a recessed 
portion (162) formed at a bottom surface there- 
of; and 

a pair of magnets (163) installed at the re- 
cessed portion (162) of the magnet base (161) 
such that directions of magnetization are oppo- 
site to each other. 
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FIG. 2 
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FIG. 5 




FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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